Setting-District general hospitals and two regional neurosurgical centres in Northern region.
Results-255 Children died from head injury in the region, the mortality being 5-3 per 100 000 children per year. Head injury was the single most important cause of death in children aged >1 year, accounting for 15% of deaths in children aged 1-15 years and a quarter for those aged 5-15 years. 121 Potentially avoidable factors possibly or probably contributing to death occurred in 81 children (32%). Half the children (125) died before admission, 27 of whom (22%) had potentially avoidable factors possibly or probably contributing to death, and 130 died after admission, 54 of whom (42%) had 93 such factors, which included failure of diagnosis or delayed recognition of intracranial haemorrhage or associated injury, inadequate management of the airways, and poor management of the transfer between hospitals.
Introduction
Trauma and particularly head injury are well recognised as the major cause of death in children aged over 1 year.' 2 The mortality reported from specialist neurosurgical centres after severe head injury in childhood ranges from 6% to 35%. 35 Although these widely differing values probably reflect varying patterns of referral rather than different approaches to management,6 Bruce et al suggested that the mortality for children in hospital with severe head injury should not exceed lO%7 and implied that in centres with a higher mortality factors contributing to the deaths of some children may be avoidable with a more aggressive approach to management.
Previous studies of the management of adults and children with fatal head injuries indicate that up to 30% of those who died have had potentially avoidable secondary complications that probably contributed to death; these complications include delay before evacuation of intracranial haematomas,8 secondary brain damage caused by hypoxia and hypotension,9'°u ncontrolled convulsions," and complications of general anaesthesia.'2 Most of the subjects have been adults, with children constituting only a small proportion. Although the probability of secondary complications is different in children compared with adults,"3 1 ' BMJ VOLUME 300
13 JANUARY 1990 the incidence of potentially avoidable complications has not been investigated exclusively in children with fatal head injuries. We therefore undertook a review of deaths in childhood from head injury in the Northern region to determine the mortality from head injury in childhood in a population based rather than a hospital based study and the proportion of fatally injured children in whom potentially avoidable factors were likely to have contributed to death. Extradural and subdural haematomas were considered to be important when they were thicker than 1 cm; small haematomas associated with depressed fractures of the skull were excluded. If the thickness of the haematoma was not given it was considered to be important if described as large or moderate but not if described as small or thin. For intracranial haematomas a delay of more than two hours between a TABLE I -Distribution ofchildhood deaths fIrom head injuries bs age and sex decline in conscious level and evacuation is associated with poor outcome.' Delayed evacuation of a haematoma was thus defined as a delay of more than two hours between the first recorded deterioration in conscious level and evacuation. In a few cases evacuation of a haematoma had been attempted but the necropsy report referred to a large or important residual haematoma; these were included as cases of failed evacuation.
Children who died from associated injuries were classed as having avoidable factors probably contributing to death if a life threatening injury was not diagnosed in life and more than two hours had elapsed between admission and death or if the child was transferred to another hospital with a potentially life threatening undiagnosed injury-for example, a ruptured abdominal viscus or a pneumothorax.
The occurrence of systemic hypoxia or hypotension is associated with increased mortality and morbidity after head injury. 19 Children were therefore regarded as having avoidable factors possibly contributing to death if they had had an unexpected respiratory arrest after admission. It was not possible to determine the incidence of hypotension as blood pressures were not consistently recorded in the notes.
Results
Over the eight year study period 25 134 children died from or were admitted to hospital with a head injury, representing one admission or death each year for every 200 children in the region. Two hundred and fifty five children died from head injury, a mortality of 5 3 per 100000 children per year, accounting for 150% of all deaths in children older than 1 year and a quarter of deaths in those older than 5.
Mortality was higher in older children (table I) , being 4-2 per 100 000 children per year in the age group 0-4 years, 4 9 per 100 000 in the age group 5 9 years, and 6 8 per 100 000 in the age group 1 1-15 years.
One hundred and twenty five children (49%) died before admission to hospital and 130 after. Table II summarises details of these two groups. There was no appreciable difference in the age structure of the two groups, and, although the median injury severity scores were similar, 36 20) no other apparent cerebral pathology. These three BMJ VOLUME 300
13 JANUARY 1990 children were all classed as having potentially avoidable factors probably contributing to death.
CHILDREN WHO ASPIRATED
Twenty five of the 67 children had necroscopic evidence of appreciable aspiration of blood or vomit (table III) , including one child mentioned above who talked and died. There was no significant relation between the duration of the journey to hospital and incidence of aspiration (p>0-5).
These children had significantly lower injury severity scores than the remaining 42 children who died without evidence of aspiration (fig 1) 
All these 21 children were classed as having one or more avoidable factors probably contributing to death.
INTRACRANIAL HAEMATOMA
Twenty six children had an intracranial haematoma that was not diagnosed before death or in which treatment was delayed or not effective; two died within four hours after admission, and the remaining 24 were classified as having a potentially preventable factor (table III) . Eleven children talked between injury and death, eight had an extradural haematoma, 12 had a subdural haematoma, two extradural and subdural haematomas, three an intracerebral haematoma, and one an intracerebellar haematoma.
In 13 children the haematoma was not diagnosed before death. Two of them died within four hours after admission and were therefore not classified as having a potentially avoidable factor. The remaining 11 children were classified as having an avoidable factor; 10 died in hospital; the median time between injury or deterioration in conscious level and death was 44 hours (range four to 168 hours). One child died at home from a subdural haematoma 14 days after discharge.
In seven children an intracranial haematoma was diagnosed and in six treated, but nevertheless large haematomas were found at necropsy. Three were extradural haematomas and four subdural haematomas. In four children evacuation had been carried out with burr holes and in two infants with needle aspiration through the anterior fontanelle. One further child had a small subdural haematoma diagnosed on computed tomography and was managed conservatively; in the necropsy report the haematoma was described as large. All *In some children more than one avoidable factor occurred BMJ VOLUME 300 13 JANUARY 1990 nosed in life for 12 children in whom the i from hospital admission to death was five I two to 67 hours). Another child was between hospitals with an undiagnose spleen and arrived in a critical condition; d resuscitation she died later. All 13 children were classified as having avoidable factor probably contributing to c them also had an undiagnosed intracranial RESPIRATORY ARREST OR AIRWAYS OBSTRUC Thirty one children had an unexpected arrest requiring emergency intubation an after admission from the accident and department (table III) . Twenty two c] respiratory arrest in the ward, one during a investigation, and eight during transfer fri hospital to a regional neurosurgical centr tional four children had necroscopic appreciable aspiration of blood or vomit.
To try to determine whether these a significant adverse effect on outcome severity scores of these 35 children wer with those of children who died aftei without an unexpected arrest or evidence (fig 2) and were found to be significantly lc Whitney U test; p<O0Ol). These data , hypoxia may have contributed to death. N classified these 35 children as having a factor possibly contributing to death; 19 of also had one or more other preventable fac 
Discussion
Head injury was the major single caus childhood in the Northern region during t period of the study. Our survey shows th; preventable factors occurred in 22% of who died before admission to hospital ar children who died after admission.
This is perhaps surprising in view of the different a potentially incidence of secondary complications after head injury leath; two of in children. '" haematoma.
There is bound to be some controversy about defining an "avoidable factor" in a retrospective study.
'TION
We cannot comment on the importance of these factors I respiratory in contributing to death in individual cases because the d ventilation necessary data to determine the probability of survival emergency in each child with the TRISS methodology score2 hildren had or a neuropathological weighting system20 was not radiological obtained during admission or at necropsy. Despite om a district these reservations the data show that the care given to re. An addi-many children with head injuries who died was less evidence of than optimal, and similar avoidable events probably also occur in children who survive severe head injury events had and contribute to morbidity.20 It is salutary therefore the injury that it is more than 10 years since Jennett first drew re compared attention to the need for improved organisation of the r admission system for managing patients with head injuries'2; the of aspiration results of our study and other recent studies' 21 show :wer (Mann-that much still needs to be done.
suggest that
The finding of the Field report, that 60% of deaths We therefore from head injury occurred before admission to hosn avoidable pital, led to the suggestion that better care at the scene the children of an accident and during transfer to hospital might -tors.
reduce mortality. In a retrospective study of adults who died from trauma before admission to hospital Yates compared the injury severity scores of patients (n=35) who died with necroscopic evidence of airways )fn (n=70) obstruction to those of patients who had clear airways. He found no significant difference between the two groups even when subgroups of less severely injured patients were considered and therefore concluded that more advanced training of ambulance drivers in managing the airways probably would not prevent deaths from trauma.
Contrary results were found in our study, although a similar methodology was used. Thus children with potentially survivable injuries died during transfer to hospital with significantly lower injury severity scores if they had aspirated than children with clear airways. In addition, early intubation and ventilation, perhaps BMJ VOLUME 300 13 JANUARY 1990 n ## injury.930934 The high incidence of adverse respiratory events in this study and the finding that children in whom such events occurred died with significantly lower injury severity scores leads us to conclude that children with severe head injuries should be routinely intubated and ventilated. That 26 children died with an undiagnosed or inadequately treated intracranial haematoma is a matter for concern as the principal reason for admitting one child in every 200 in this region each year was to prevent such deaths. Guidelines for the optimal management and indications for neurosurgical referral of patients with head injury were devised and published in 1984,29 and yet there was no obvious change in the pattern of practice in the two years subsequently. These guidelines, however, were not specific to children and may not be widely disseminated among paediatric departments.
It is unfortunate that the guidelines did not deal with the particular difficulties associated with assessing the level of consciousness of young children with head injury.35-97 It was evident from the review of the notes that there was often difficulty in assessing consciousness in very young children and a formal assessment of the level of consciousness was only infrequently recorded. These difficulties and the importance of trauma as a cause of death in childhood suggest that children with head injury comprise a group worthy of particular attention. There is an urgent need for regions to revise the guidelines to include recommendations for optimal practice for assessing children with severe head injuries and to conduct ongoing audit of their systems of care for all patients with head injury. Such audit would best be conducted with the TRISS methodology,22 but this would require establishing local and national databases.
The results of this study may be dismissed as yet another "table top theoretical exercise."39 We see, however, little merit in devising new methods of treating patients with severe brain injury if they are not already receiving the best care currently available. Head injury is the most common cause of death in childhood, and many of these deaths may be preventable. Paediatricians, neurosurgeons, general surgeons, and accident and emergency consultants should surely take on the task of improving its management without delay.
